Nasopharyngeal carcinoma (NPC) is a common malignancy in South-East Asia. NPC is characterized by distant metastasis and poor prognosis. The pathophysiological mechanism of nasopharyngeal carcinoma is unknown. This study aimed to identify the crucial miRNAs in nasopharyngeal carcinoma and their target genes, and to discover the potential mechanism of nasopharyngeal carcinoma development.
Background
Nasopharyngeal carcinoma is a head and neck cancer characterized as highly malignancy and regional selection [1, 2] . NPC is a rare cancer in Western countries, but it is common in Asian countries [3] . NPC frequently occurs in southern China, included Guangdong, Fujian, Hong Kong and Southeast Asia, including Malaysia, Indonesia, and Singapore.
The incidence rate of NPC is 2 per 100 000 worldwide [4] . The NPC incidence in southern China is 20-50 times higher than in Western countries [5] . Radiotherapy is the main curative treatment for NPC to extend patient survival time [6, 7] . NPC presents highly malignant recurrence with local tissue invasion and distant metastasis, which is the dominant reason for radiotherapy failure [8] .
Currently, the major etiological factors of NPC are reported to be genetic susceptibility, environmental factors, and EpsteinBarr virus (EBV) infection. Familial and large-scale case-control studies report that HLA class I genes in the MHC locus at chromosome 6p21 are notably associated with high risk of NPC. In addition, CDK5, TEL2, CELF2, and IKKB [9] [10] [11] [12] are also reported to be associated with NPC pathogenesis. Environmental risk factors include eating salt-preserved food [13] , insufficient intake of fresh vegetables and fruits [14] , alcohol consumption [15] , and tobacco smoking [13, 16] . Epstein-Barr virus (EBV) infection is an extensively researched etiological factor for NPC. EBV belongs to the gamma herpes virus family, persistently infects B lymphocytes in more than 90% of adults, and is related to NPC tumorigenesis [17] .
In addition to the above-mentioned etiological factors of NPC, mounting evidence shows that microRNAs (miRNAs) may play essential roles in NPC tumorigenesis by regulating target genes. miRNAs are small (20-25 nucleotides) non-coding RNAs that negatively regulate expression level of target gene [18] . Numerous studies have reported that miRNAs are associated with NPC cell proliferation, migration, invasion, metastasis, and irradiation sensitivity by suppressing their target genes. miR-142-3p promotes NPC cell proliferation via suppressing SOCS6 expression [19] . miR-4649-3p inhibits NPC cell proliferation by targeting protein tyrosine phosphatase SHP-1 [20] . miR-29a/b regulates SPARC and COL3A1 gene expression to promote NPC cell migration and invasion [21] . miR-23a targets IL-8/Stat3 pathway results in radio-sensitivity in NPC [22] , while miR-504 down-regulates nuclear respiratory factor 1 result in radio-resistance in NPC [23] . However, the mechanism of pathogenesis in NPC remains unclear.
In this study we used bioinformatics methods to integrate miRNA and mRNA expression data, which are available in the GEO database, to identify differentially expressed miRNAs and target genes between NPC and normal control tissues, aiming to provide valuable information for use in defining the mechanism of pathogenesis in NPC.
Material and Methods

Gene expression datasets
We searched the Gene Expression Omnibus database (GEO, http://www.ncbi.nlm.nih.gov/geo) for mRNA and miRNA expression profiling of NPC, and downloaded the raw expression data. GEO is a public repository for high-throughput gene expression data [24] . We only retained the microarray studies between tumor and normal tissues. The following information was extracted from each identified study: GEO accession number, platform, number of cases and controls, time, and author.
Data processing
Different sequencing platforms and clinical samples commonly cause the heterogeneity among different microarray datasets, and make it difficult to compare microarray datasets directly. We downloaded the raw expression dataset and preprocessed it by log2 transformation and Z-score normalization.
Analysis of differentially expressed miRNA and mRNA
The miRNAs and mRNA differentially expressed between the NPC and normal control samples were identified using the limma method, which is a linear model for microarray data analysis [25] . We selected differentially expressed miRNA as false discovery rate (FDR) <0.05, and selected differentially expressed mRNA as FDR <0.001.
Identification of miRNA target genes
To obtain the target genes of miRNAs, the selected miRNAs were integrated into the miRWalk database (http://www.umm. uni-heidelberg.de/apps/zmf/mirwalk/) [26] , in which the correlation between target genes and miRNAs have been confirmed. miRWalk is a comprehensive database that provides predicted and experimentally validated miRNA-target interactions for humans, mice, and rats. It combines the predicted and validated information with a comparison of binding sites resulting from 12 existing miRNA-target prediction programs [26, 27] . In our study, we used 6 algorithms: DIANAmT, miRanda, miRDB, miRWalk, PICTAR, and TargetScan to predict target genes of miRNA; if more than 4 of 6 algorithms predicted the same gene of miRNA, the gene was considered as a target gene of the miRNA [26] . Reverse correlations of miRNAtarget gene interacting pairs were subject to construct miR-NA-RNA interaction network analysis.
miRNA-target gene network
Differentially expressed miRNA and differentially expressed target genes were used to construct the interaction network by using Cytoscape software (http://cytoscape.org) [28] . In the miRNA-gene network, a circular node represented the mRNA and a diamond node represented the miRNA, and their association was represented by a line.
Functional enrichment analysis
The underlying function of differentially expressed target genes was predicted by the Gene Ontology (GO) [29] function and Kyoto Encyclopedia of Genes and Genomes (KEGG) [30] pathway enrichment analysis using the DAVID tool (Database for Annotation, Visualization, and Integrated Discovery) (http:// www.david.niaid.nih.gov) [31] . We set p<0.05 and FDR <0.05 as the cut-off for selecting significantly enriched functional GO terms and KEGG pathway, respectively.
Quantitative real-time polymerase chain reaction (qRT-PCR)
Total RNA of fresh frozen tissues was extracted using TRIzol reagent (Invitrogen, Carlsbad, CA, USA) according to the manufacturer's instructions. The SuperScript III Reverse Transcription Kit (Invitrogen, Carlsbad, CA, USA) was used to synthesize the cDNA according to the manufacturer's instructions. qRT-PCR reactions were performed using Power SYBR Green PCR Master Mix [32] (Applied Biosystems, Foster City, CA) on the Applied Biosystems 7500 (Applied Biosystems, Foster City, CA). The miRcute miRNA First-Strand cDNA Kit (Tiangen, Beijing, China) and miRcute miRNA qPCR Detection Kit (Tiangen, Beijing, China) were used for miRNA expression level detection. U6 and b-actin were used as internal control for miRNA and mRNA detected. The relative expression of target genes was calculated using the 2 -DDCT equation. The PCR primers were used as shown in Table 1 .
Statistical analysis
At least 3 independent experiments were performed for statistical evaluation. qRT-PCR experimental data were expressed as means ±SD. The statistical significance was evaluated using the Student's t-test and p<0.05 was considered as a significant difference.
Results
Differentially expressed miRNAs and mRNAs in the NPC
In this work, we collected a total of 3 mRNA expression profiles including 74 NPC and 31 normal control (NC) samples and Table 1 ). hsa-miR-205, hsa-miR-196b, and hsa-miR-632 was the most significantly up-regulated miRNAs, while hsa-miR-130a, hsa-let-7a, and hsa-miR-34b were the most significantly down-regulated miRNAs in NPC compared with the normal control ( Table 3 ).
The interaction network of miRNAs and target genes
Based on the identified miRNA-target gene interaction pairs of reverse association, we compared the interaction network between miRNAs and target genes in NPC and visualized them with Cytoscape software. We used 1185 miRNA-target gene pairs of reverse correlation, including 316 pairs of up-regulated miRNA and 735 pairs of down-regulated miRNA, to construct the miRNA-target genes interaction network. The target predictions of hsa-miR-376a*and hsa-miR-18a* are not available in miRWalk databases.
In this network, the significantly differentially expressed hsamiR-632, hsa-miR-205, hsa-miR-18b, hsa-miR-34b, and hsamiR-130a were targeted in significantly differentially expressed PIGR, CDC6, CD22, SMPD3 and DTX4, respectively, as shown in Figure 1 .
GO classification of miRNA target genes
To obtain insights into the biological roles of differentially expressed miRNA target genes, we analyzed the predicted target gene of miRNAs using GO annotation. The threshold of GO terms was p-value<0.05. Nuclear division (GO: 0000280, p=3.05E-05) and cell cycle G2/M phase transition (GO: 0044839, p=4.02E-05) were the most significant enrichments of targets genes biological process. Intracellular organelle part (GO: 0044446, p=1.95E-05) and organelle part (GO: 0044422, p=3.62E-05) were the highest enrichments of cellular component. Catalytic activity (GO: 0003824, p=1.09E-04) and hydrolase activity (GO: 0016787, p=1.75E-04) were the highest enrichments of molecular function, as shown in Table 4 .
Pathway analysis of miRNA target genes
We performed the KEGG pathway enrichment analysis for differentially expressed miRNA-target genes. FDR <0.05 was used as the criteria for pathway detection. The highest enrichment of pathways in our analysis was the pathway in cancer (FDR=1.78E-11) and cell cycle (FDR=1.48E-07) ( Table 5) .
qRT-PCR validation of differentially expressed miRNAs and target genes
To validate the microarray analysis data, the levels of significantly differentially expressed miRNAs (hsa-miR-632, hsa-miR34b, hsa-miR-130a, hsa-miR-205, and hsa -miR-18b) and target genes (CD22, CDC6, DTX4, PIGR, and SMPD3) were quantified 
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by qRT-PCR in 2 NPC samples and 2 normal control samples. As shown in Figure 2A -2C, the expression levels of hsa-miR-632, hsa-miR-205, and hsa-miR-18b were significantly up-regulated and the respective target genes CD22, PIGR, and SMPD3 were significantly down-regulated in NPC samples (p<0.01). The expressions of hsa-miR-34b and hsa-miR-130a were significantly down-regulated and the respective target genes CDC6 and DTX4 were significantly up-regulated in NPC samples (p<0.01), as shown in Figure 2D , 2E. In conclusion, the qRT-PCR validation of differentially expressed miRNAs and target genes between NPC and normal control samples was in accordance with results of our microarray data bioinformatics analysis. Discussion miRNAs play essential roles in many fundamental biological processes, including cell proliferation, migration, invasion, and metastasis. miRNAs can function as oncogenes or oncosuppressor, depending on the targets suppressed.
In our study, we found that hsa-miR-205, hsa-miR-632, hsamiR-196b, hsa-miR-18b, and hsa-miR-93 are the top 5 up-regulated miRNAs and we found that hsa-miR-130a, hsa-let-7a, hsa-miR-34b, hsa-let-7e, and hsa-let-7d are the top 5 downregulated miRNAs in NPC patients. hsa-miR-205 and hsa-miR18a are significantly up-regulated, and hsa-miR-34b is significantly down-regulated in NPC biopsy tissues [33, 34] , which is in accordance with our bioinformatics analysis and further was validated through qRT-PCR (Table 3, Figure 2D ). Moreover, hsamiR-205 and hsa-miR-34b expression level influence the development of NPC [33] . Functions of hsa-miR-632 up-regulation and hsa-miR-130a down-regulation in NPC are not reported. Tang et al. reported that miR-205-5p has significant diagnostic value as a novel candidate biomarker in NPC. They performed a comprehensive analysis of microRNA expression patterns of 3 NPC biopsies and 3 normal nasopharyngeal epithelium specimens, then validated the differentially expressed miRNAs in 67 NPC and 25 normal tissues with qRT-PCR, finding that miR-205-5p is 1 of 5 significantly differentially expressed miRNAs in NPC [35] . In addition, miR-205 is related to radio-resistance of NPC, and miR-205 up-regulation results in radio-resistance of NPC through suppressing the PTEN pathway [36, 37] . In our work, PIGR was predicted as target gene of miR-205, and this was validated in NPC tissues by qRT-PCR ( Figure 2B ). PIGR had significantly lower expression in NPC specimens, but was frequently expressed in non-tumor controls [38] , which is consistent with our results ( Figure 2B ).
Target CDC6 was up-regulated by hsa-miR-34b in NPC tissues, as Figure 2D shows. miR-34b/c and TP-53 polymorphisms may contribute to the risk of NPC, and gene-gene interaction of miR-34b/c rs4938723 and TP-53 Arg72-Pro increases the risk of NPC [39] . It is reported that CDC6 is associated with cancer prognosis and proliferation, while CDC6 functions in NPC are not reported. CDC6 is significantly up-regulated by miR26a/b in lung cancer specimens compared with the adjacent normal tissues, suggesting that CDC6 is associated with poorer prognosis of lung cancer [40] . Knockdown of CDC 6 effectively inhibits proliferation of tongue squamous cell carcinoma Tca8113 cells [41] . In our work, CDC6 was enriched in cell cycle, which is the top 2 KEGG enrichment pathway of differentially expressed miRNA target genes (Table 5) .
hsa-miR-18b was up-regulated and consequentially caused significant down-regulation of target genes ABLIM1 and SMPD3 (NSMASE2) in NPC (Table 3 , Figure 2C ). SMPD3 was down-regulated by both of hsa-miR-18b and hsa-miR-632 in our study. hsa-miR-18b influences cancer cell proliferation, growth, and metastasis, while hsa-miR-18b up-regulation is mediated by loss of connective tissue growth factor through PI3K/AKT/C-Jun and C-Myc signaling to promote cell growth and cell proliferation of NPC [42] . Oxidative stress modulates NSMASE2 sub-cellular localization in plasma membranes to generate ceramide and induces apoptosis of lung carcinoma A549 cell line [43] . NSMASE2 regulates exosomal miRNA secretion and promotes angiogenesis within the tumor microenvironment, as well as in metastasis [44] .
Deltex 4, E3 ubiquitin ligase is the official name of DTX4; it functions as a negative regulator of Notch signaling [45] , which is crucial for the T-cell development in early stages and angiogenesis during carcinogenesis [46, 47] . Dysregulation of Notch and Wnt promotes cell differentiation and tumorigenesis. In our study, DTX4 was up-regulated by hsa-miR-130a, hsa-miR7a, hsa-miR-7g, hsa-miR-7d, and hsa-miR-7e in NPC patients.
CD22 was down-regulated by both of hsa-miR-632 and hsamiR-210. CD22 was enriched in B cell receptor and hematopoietic cell lineage signaling pathway via KEGG pathway analysis (Table 5 ). It is reported that pan-B lymphocytes have scant peri-tumoral areas and are absent in 29 out of 50 NPC biopsies through using immunohistological detection [48] . hsamiR-632 is reportedly associated with breast cancer tumorigenesis, and high expression level of hsa-miR-632 down-regulates DNAJB6, leading to significantly increased invasive and metastatic ability of breast cancer cells compared to mammary epithelial cells [49] .
Pathway in cancer was identified as the most significantly enriched pathway in NPC (Table 5) . Pathway in cancer is related to pathogenesis of various cancer types, such as colorectal, pancreatic, thyroid, and lung cancer [50] [51] [52] [53] [54] , indicating that pathways in cancer may play an important role in NPC pathogenesis.
There are limitations in our work. We have constructed the regulatory network of miRNAs and mRNA inverse correlations pairs, and the pathogenesis of key miRNAs and mRNAs in NPC need to be elucidated through in vivo and in vitro experiments.
Conclusions
We identified 27 differentially expressed miRNAs and 982 differentially expressed mRNAs between NPC and normal tissues. We used 1185 miRNA-target gene pairs of inverse correlations to construct an interaction network. In this network, we found several miRNAs and genes that may play important roles in NPC, such as hsa-miR-205, hsa-miR-34b, hsa-miR-18b, hsa-miR-632, hsa-miR-130a, PIGR, CDC6, CD22, SMPD3, and DTX4. The pathway in cancer may be involved in the pathogenesis mechanism of NPC. Our findings may provide an important contribution to further elucidate the pathogenesis mechanisms of NPC. 
